Streptomyces sp. US 24 and Streptomyces sp. TN 58, two strains producing interesting bioactive molecules, were successfully transformed using E. coli ET12567 (pUZ8002), as a conjugal donor, carrying the integrative plasmid pSET152. For the Streptomyces sp. US 24 strain, two copies of this plasmid were tandemly integrated in the chromosome, whereas for Streptomyces sp. TN 58, the integration was in single copy at the attB site. Plasmid pSET152 was inherited every time for all analysed Streptomyces sp. US 24 and Streptomyces sp. TN 58 exconjugants under nonselective conditions. The growth, morphological differentiation, and active molecules production of all studied pSET152 integrated exconjugants were identical to those of wild type strains. Consequently, conjugal transfer using pSET152 integration system is a suitable means of genes transfer and expression for both studied strains. To validate the above gene transfer system, the glucose isomerase gene (xylA) from Streptomyces sp. SK was expressed in strain Streptomyces sp. TN 58. Obtained results indicated that heterologous glucose isomerase could be expressed and folded effectively. Glucose isomerase activity of the constructed TN 58 recombinant strain is of about eighteenfold higher than that of the Streptomyces sp. SK strain. Such results are certainly of importance due to the potential use of improved strains in biotechnological process for the production of high-fructose syrup from starch.
Introduction
At the end of the last century, in addition to the conventional screening of naturally occurring bioactive compounds, a strategy was developed to construct desired novel hybrid antibiotics by combinatorial biosynthesis, by specifically combining genes from various biosynthetic pathways originating from different antibiotics producing organisms. In Streptomyces species, the most important producers of bioactive molecules, genetic approaches to improve secondary metabolite production are generally hampered by various phenomena such as restriction barriers, absence of an efficient gene transfer systems, and lack of suitable cloning vectors. Recently, in order to circumvent these problems, there has been considerable interest in the use of intergeneric conjugation as an efficient means of gene transfer and expression in Streptomyces species. This technique allows the construction and the manipulation of recombinant plasmids in E. coli and their subsequent transfer to a recipient of interest. The initial protocol for intergeneric transfer of plasmids from E. coli to Streptomyces species was developed by Mazodier et al. [1] . Since then, this method has been successfully applied to several Streptomyces species [2] [3] [4] via methylation-deficient E. coli strains, such as strain ET12567 [5] , as a DNA donor to avoid methylated DNA restriction systems of actinomycetes [6] . Several cloning vectors that could be transferred from E. coli to Streptomyces species by conjugation method have been constructed [7, 8] . Among them, pSET152 is a nonreplicative plasmid in Streptomyces that carries the attP site and integrase gene of ϕC31 phage and consequently can integrate into the chromosomal attB site of the bacteriophage ϕC31. Like λ integrases, ϕC31 integrase catalyses the site-specific recombination between the chromosomal attB site and an attP site to form attL and attR. However, unlike those of λ integrases, the sites are both very small, with attP and attB being just 39 and 34 pb in size, respectively [9] . The DNA sequences of attB were characterized from various Streptomyces species, and the analysis of these sequences revealed the presence of high conserved positions. In this genus of bacteria, the presence of pseudo-attB sites (50% − 70.3% nt identity to attB sites) has also been reported, but with an integration frequency 300 times lower than that with the corresponding attB site [10] . However, the absence of this attB site from some actinomycete strains, such as Saccharopolyspora erythraea, has also been reported [11] .
We have previously reported the isolation from Tunisian soil of two new actinomycete strains called Streptomyces sp. US 24 [12] and Streptomyces sp. TN 58 [13] , producing diverse interesting biological activities, and described the purification and structure elucidation of two and five active molecules from the Streptomyces sp. US 24 [14] and the Streptomyces sp. TN 58 [15] , respectively. The active molecules produced by Streptomyces sp. US 24 are the 3-indolethanol and a diketopiperazine (DKP) derivative, the Cyclo (L-Phe, L-Pro) diketopiperazine. DKP active molecules form a very important family because of their many potential uses as antibacterial, fungicidal, herbicidal, antiviral, immune-suppressor, and antitumor agents, and therefore they are very attractive for the production of novel hybrid active compounds by combinatorial biosynthesis.
Among the five active molecules characterised from the Streptomyces sp. TN 58, two belong to the rhamnopyranoside family: the 1-O-(2-Aminobenzoyl)-α-L-rhamnoside and the 4-Hydroxybenzoyl α-L-rhamnopyranoside. These two active compounds possess inhibitory activity towards 3α-hydroxysteroid dehydrogenase (3α-HSD), a useful target for anti-inflammatory and antiphlogistic drugs. It should be noted that until now, the Streptomyces sp. TN 58 is the only described strain which produces these two molecules directly without any supplement addition into the culture media [15] . Identification and expression of genes involved in biosynthetic pathways of these molecules constitute a real opportunity for the comprehension of their natural biosynthesis and subsequently the production of hybrid molecules. The aim of this work was thus to succeed in carrying out intergeneric conjugation between E. coli ET12567 and Streptomyces sp. US 24 and TN 58 strains, to analyse the integration sites of the integrative vector pSET152 into the chromosome of these two Streptomyces strains, to study whether the site-specific integration of pSET152 affects essential functions such as the production of active molecules in these two studied strains, and to verify the expression of a heterologous gene in Streptomyces sp. TN 58 strain using this system.
Materials and Methods

Bacterial Strains and
Plasmids. E.coli strain ET12567 (pUZ8002) [2, 5] , used as the donor in intergeneric conjugation, is a methylation-defective strain (dam-13:: Tn9 dcm-6 hsdM Cmr). E. coli strain DH5α [16] 
) and E. coli HB101 (F − hsdS2 recA13 ara − 14 pro A2 lacY1 galk2 rps L20 xyl − 5 mtl sup E44) were used as host strain, and E. coli ATCC 8739 and Micrococcus luteus LB 14110 were used as indicator microorganisms for the antibacterial activity assays.
The two Streptomyces strains US 24 [12] and TN 58 [13] were used as recipient for intergeneric conjugation. Streptomyces SK strain is a thermostable glucose isomerase producer [17] . CBS4 strain was the glucose isomerase deficient Streptomyces violaceoniger in which the xylA gene of the Streptomyces SK strain, under the control of the ermEup constitutive promoter, was integrated in its chromosome via the integrative vector pTS55 [18] .
Plasmid pUZ8002 is a derivative of RK2 with a mutation in oriT [19] . pSET152 is an integrative plasmid carrying ϕC31 int and att functions and an apramycin resistance gene for selection in Streptomyces and E. coli [2] . pGEM-T Easy vector is a TA cloning vector Amp R (Promega) used for cloning of the PCR products.
Media and Culture
Conditions. E. coli strains were grown in Luria broth (LB) medium. Ampicillin (50 μg mL −1 ), chloramphenicol (25 μg mL −1 ), nalidixic acid, and kanamycin (50 μg mL −1 ) were added to growth media when required and 5-bromo-4-chloro-3-indolyl-β-D-galacto pyranoside (40 μg mL −1 ) when appropriate [20] . Transfor mation of E. coli DH5α or HB101 with pGEM-T pSET152 derivatives was carried out according to the manufacturer's instructions (Promega).
Streptomyces sp. US 24 and TN 58 strains were grown in Tryptone soya broth (TSB: 30 g tryptic soy broth plus 5 g yeast extract per 1000 mL distilled water) medium for the preparation of genomic DNA [21] and in R2YE [22] plates for the preparation of spore stocks. TSB supplemented with 30 μg of apramycin mL −1 was used to grow exconjugants for the preparation of genomic DNA and to maintain them.
AS1 medium [23] (1 gYeast extract, 5 g Soluble starch, 0.2 g L-alanine, 0.2 g L-arginine, 0.5 g L-asparagine, 2.5 g NaCl, 10 g Na 2 SO 4 and 20 g agar, pH adjusted at 7.5 with KOH) was used for conjugation experiments.
For bioactive molecules production, Streptomyces sp. US 24 strain and the corresponding exconjugants were grown in TSB medium, supplemented at 1% (w/v) with starch and with a trace element solution: (7.5 [25] , resuspended in 500 μL of 2 × yeast extract tryptone medium, and incubated at 50
• C for 10 minutes to induce germination. Donor cells (500 μL approximately 10 8 cells) were added to the treated spores, the mixture was pelleted by centrifugation, and finally the pellets were resuspended in the residual liquid, and the undiluted mixtures were plated. The mating mixtures were spread on AS1 plates containing 10 mM MgCl 2 and incubated for 18 hours at 37
• C for the Streptomyces US 24 and at 30
• C for the Streptomyces TN 58 strain. The plates were overlaid each with 1 mL of water containing 500 μg of nalidixic acid and 1 mg of apramycin, incubated further for 5 days at the appropriate temperature, and the exconjugants were counted. Cultures prepared from some clones were used for further studies. Control experiments were performed as described above but without the addition of E. coli donor cells. The viable count of the donor culture was determined by spreading the cells on LB agar plates supplemented with appropriate antibiotics.
DNA Isolation and Manipulation.
Total DNA preparation was carried out from Streptomyces strains according to [21] . Small-scale plasmid preparations from E. coli were performed as described by [20] .
Digestion with restriction endonucleases, and separation of DNA fragments by agarose gel electrophoresis, alkaline calf intestinal phosphatase, ligation of DNA fragments, and transformation were done according to [20] for E. coli and [21] for Streptomyces.
For blot manipulations [26] , DNA was transferred to Hybond N nylon membranes (Amersham). About 1 μg and 50 ng were loaded for the digested genomic DNA and plasmids DNA, respectively. The hybridization conditions and subsequent detection were in accordance with the manufacturer's instructions. 32 P-labeled probes were prepared using the Random prime labelling system (Amersham).
PCR amplification of the attB sites of the two studied Streptomyces strains was performed using the two primers ATTB1 and ATTB2 previously described by [10] . Approximately 200 ng genomic template DNA was used with 100 pmol of each primer per 50 μL reaction volume. To improve the denaturation of the DNA, 5% (v/v) DMSO was added to the reaction mixture. Amplifications were performed in a Gene Amp R PCR System 2700 (Applied Biosystems) using 1U Pfu DNA polymerase (Stratagene) and the recommended buffer system according to the following amplification profile: 94
• C (5 minutes) followed by 45 cycles of denaturation at 94
• C (30 seconds), annealing at 60
• C (1 minute) and extension at 72
• C (1 minute). The PCR reaction mix was analysed by agarose gel electrophoresis, and the products having the expected sizes were purified then cloned into pGEM-T Easy vector.
Nucleotide sequences were determined on both strands using the dideoxy chain-termination method [27] . Reactions were performed with a thermo sequenase cycle sequencing kit (Amersham) and specific primers. Homology search was performed using Blast Search algorithm [28] .
Extraction of Active Compounds and Biological Assay of Antimicrobial Activities.
For the extraction of the active molecules from the Streptomyces sp. US 24 and TN 58 strains and their corresponding exconjugants (four exconjugants randomly chosen for each strain), spores at 10 7 mL −1 were used to inoculate 500 mL Erlenmeyer flasks with four indents containing 100 mL of culture medium. After incubation for 24 hours in an orbital incubator with shaking at 250 rpm at the appropriate temperature, the preculture was used to inoculate (5% v/v) a total volume of 1000 mL culture medium having the same composition of the preculture. After three days incubation at 37
• C or 30
• C for Streptomyces US 24 and TN 58 strains, respectively, and their corresponding exconjugants, in an orbital incubator with shaking at 250 rpm, the culture broths were filtered to separate mycelium and supernatant. Each supernatant was extracted twice with an equal volume of ethyl acetate and then evaporated on a Rotavapor (Laborata 4000), and obtained crude extract was dissolved in 1 mL ethyl acetate and used for antibacterial activities as follows: a paper disk was impregnated with 80 μL of the corresponding sample and then laid on the surface of an agar plates containing 3 mL of top agar inseeded by 40 μL of a 5-hour old culture of M. luteus LB 14110 or E. coli ATCC 8739. After 2 hours at 4
• C, plates containing M. luteus were incubated at 30
• C and those inoculated with E. coli at 37
• C, all for overnight. Plates were examined for evidence of antibacterial activities represented by a zone of inhibition of growth of the corresponding indicator micro-organisms around the paper disk. Thin layer chromatography (TLC) was performed on silica gel plates SiO 2 (Merck). Visualization of active compounds was realised with anisaldehyde vapour and Ehrlich's reagent. Preparation of the cell-free lysate of the Streptomyces SK, TN 58, TN 58/pSET152, TN 58/pSS6, and CBS4 (used as positive control) strains was achieved as follows. The cells were grown in TSB medium for 48 hours and were harvested by centrifugation at 8000 rpm for 10 minutes, and the pellets were suspended in TE-buffer with 10 mM MgCl 2 and 1 mM CoCl 2 . After incubation for an hour on ice in the presence of 5 mgmL −1 lysozyme, 100 μgmL −1 PMSF, and 1 μgmL
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Pepstatin A, cells were disrupted by sonication at 4
• C for 6 minutes (pulsations of 3 seconds, amplify 90) using a vibra cell Sonicator (Fisher-Bioblock Scientific), and debris were removed by centrifugation at 20 000 rpm for 30 minutes.
Glucose isomerase activity was determined using fructose as substrate by quantitatively measuring the glucose production. The activity was assayed in a reaction mixture containing the enzyme (100 μL of an appropriate diluted purified or crude extract) with 10 mM MgCl 2 , 1 mM CoCl 2 and 15% fructose, in a volume of 400 μL. In standard condition, assays were incubated for 30 minutes at 80
• C, and the reaction was stopped by cooling the tubes on ice. The amount of glucose generated was determined by glucoseoxidase (GOD-PAP) enzyme system, and A 650 was measured after 40 minutes at room temperature. One unit of glucose isomerase activity is defined as the amount of enzyme needed to produce 1 μmol of product per minute under the assay conditions. Protein concentration was determined by Bradford's method [30] using the Bovine Serum Albumin as standard. per recipient spore of Streptomyces sp. US 24 and TN 58 strains, respectively, which showed a high frequency of exconjugants. Indeed, Nikodinovic et al., [31] consider that the transformation efficiency (5 × 10 −5 exconjugants recipient −1 ) of the Streptomyces nodosus by conjugal transfer of DNA from E. coli was a high transformation frequency.
Results and Discussion
The integrative plasmid pSET152 cannot replicate in Streptomyces; so stable exconjugants should be obtained only if pSET152 has been integrated into the chromosome of studied strain. In order to identify the copy number of pSET152 in the recipient Streptomyces sp. US24 and Streptomyces sp. TN 58, eight arbitrary chosen exconjugants were studied for each strain. Chromosomal DNAs were extracted, digested by BamHI and probed with the whole linearised vector pSET152 in a blot analysis. Since pSET152 had a single BamHI site, DNA from exconjugants was expected to show hybridisation of two fragments to probe in the case of single copy integration.
For Streptomyces sp. US24 exconjugants, obtained hybridisation patterns were identical and showed the presence of three bands of about 5.7, 6.2, and 7.8 Kb (Figure 1(a) ). The same probe did not hybridise to any DNA fragment of the wild type genomic DNA. This result implied that the plasmid was presumably integrated at the same locus in all corresponding exconjugants. However, among the three obtained bands, the one of 5.7 kb corresponds exactly to the size of the linearized vector pSET152. This fact can be explained via the tandem integration of two copies of the pSET152 vector in the chromosome of Streptomyces sp. US24 strain (Figure 1(b) ). The presence of tandemly repeated copies of pSET152 vector in the attB site can be explained by the property of pSET152 to integrate at attR or attL sites via attP/attR or attP/attL recombination. Normally, the integration of pSET152 vector will be via attB/attP recombination. So, in certain cases, we can assist to the multiple independent recombination events, and pSET152 can integrate at attL or attR sites via attP/attL or attP/attR. As was hypothesised by Combes et al. [10] , if this event occurs, this reaction must be specific to the attL and attR sites as tandem repeats of pSET152 in the pseudo-attB sites were not generally observed. Alternatively, the generation of tandem repeats of pSET152 in the attB may be a consequence of the rate of integration. If the rate of recombination into the attB site is rapid, integration occurs early during the mating period, and when the hyphae containing integrated pSET152 receives a further copy of pSET152, this last one may, generally, integrate by homologous recombination to generate a tandem repeat.
Concerning Streptomyces TN 58, two identical hybridisation signals were obtained for all eight analysed exconjugants corresponding to two DNA fragments of about 6.8 and 8 Kb (Figure 2(a) ). The same probe did not hybridise to any DNA fragment of untransformed Streptomyces. sp TN 58 genomic DNA. This result implied that a single copy of the pSET152 plasmid was integrated at the same locus in all the exconjugants in strain Streptomyces sp. TN 58. We can suggest that the chromosome of this strain contains a single functional attBsite for vectors that integrate site specifically using the bacteriophage ϕC31 att/int system (Figure 2(b) ). All together, our data strongly suggest the presence of an efficiently recognised attB site in the chromosome of the two studied Streptomyces strains.
Identification of the ΦC31 attB Sites.
Integration of pSET152 into the Streptomyces sp. US 24 and TN 58 strains chromosomes implies the existence of one attB site recognised by the ΦC31 integrase. Taking advantage of the two PCR primers (ATTB1 and ATTB2) described by Combes et al., [10] , we recovered a unique PCR product at the expected size of approximately 0.3 Kb from the chromosomal DNAs of the two studied strains. These fragments were cloned into the pGEM-T Easy vector yielding pSS4 and pSS5 plasmids for US 24 and TN 58 strains, respectively. The insert of three randomly chosen clones for pSS4 and Journal of Biomedicine and Biotechnology pSS5 plasmids was sequenced. All three nucleotide sequences were identical for each plasmid insert. The two inserts possess a size of 292 bp and 293 bp for US 24 and TN 58 strains, respectively, and a high nucleotide identity of 86% (Figure 3 ). These two amplified DNA fragments encode a homolog of the Streptomyces coelicolor A3(2) Sco3798 ORF with a nucleotide identity of 92% and 86% for Streptomyces sp. US 24 and Streptomyces TN 58 strains, respectively. This ORF is a putative chromosome condensation protein, with sequence similarity to a mammalian-encoded protein, pirin (an identified nuclear protein that interacts with Bcl-3 and nuclear factor I), in which the attB site of ΦC31 lies in various Streptomyces species [32] .
For Streptomyces species, all characterised ΦC31 attB sites showed high nucleotide sequence similarity varying from 82.4% to 100%. However, the presence of pseudo-attB sites (50% − −70.3% nt identity to attB sites) into which integration occurred at a frequency 300 times lower than into the corresponding attB site [10] has also been reported in this genus of bacteria. The multiple-sequence alignment of attB sites of Streptomyces sp. US 24 and TN 58 with several other Streptomycesspecies is shown in Figure 4 . This alignment indicates that these sequences are conserved, and some positions in the minimal site can tolerate nucleotide changes. Kuhstoss and Rao [33] reported, by comparing the S. ambofaciens attB site with attP, that the core sequence (i.e., the region at which the crossover occurs) is 5 TTG. Combes et al., [10] had shortened this sequence to two nucleotides 5 TT which was present in the attB site of both studied strains Streptomyces sp. US 24 and TN 58.
Site-Specific Integration Does Not Affect the Essential Functions and Active Molecule Production of Streptomyces sp. US 24 and Streptomyces sp. TN 58 Strains.
Despite their wide use and clear advantages, it has been reported that integration of the integrative vectors into the ϕC31 attB site can cause detrimental effects on antibiotic production in some strains [34] . In fact, it should be considered that the decrease in antibiotics production for many Streptomyces strains carrying integrated site specific plasmids such as S. fradiae producer of tylosin, S. kanamyceticus producer of kanamycin and others has been reported [35] . Therefore, while integrative vectors could be used for the development of stable recombinant producers of antibiotics, their possible negative effect on the level of antibiotic production should be considered. Thus, in order to determine whether the site-specific integration of the plasmid pSET152 affected relevant functions of Streptomyces sp. US 24 and Streptomyces sp. TN 58 strains, we have followed the growth of both strain and their corresponding exconjugants carrying plasmid pSET152. All exconjugants grew well in the minimal 
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(a1) (a2) (b1) (b2) Figure 5 : Antibacterial activities in solid media against M. luteus of the Streptomyces sp. US 24 strain wild type "WT US24" (a1) and one corresponding exconjugant US24/pSET152 "Ex US24" (a2) and Streptomyces TN 58 strain wild type "WT TN 58" (b1) and one corresponding exconjugant TN 58/pSET152 "Ex TN 58" (b2).
medium, and there was no difference compared to the wild type strains. The presence of pSET152 had no effects on growth and sporulation of the two strains. We have studied the stability of the pSET152 inheritance in exconjugants. This stability was determined as the proportion of colonies that retained resistance to apramycin (at 50 μg mL −1 ) after several passages of the exconjugants under nonselective conditions. Plasmid pSET152 was inherited every time for the all studied exconjugants under nonselective conditions for both strains. Meanwhile, antimicrobial activity was determined by observing bacterial growth inhibition of the wild type strains (US 24 and TN 58) and corresponding exconjugants. There was no obvious difference between wild type Streptomyces sp. US 24 and Streptomyces sp. TN 58 and their corresponding exconjugants ( Figure 5 and Table 1 ). In addition, the analysis on TLC plates of the ten studied active crude extracts revealed the presence of the expected active molecules in each strain and its corresponding exconjugants. For the Streptomyces sp. US 24 strain and its four studied exconjugants, two bands were easily detected on TLC plates under UV light at 254 nm after spraying with anisaldehyde/sulphuric acid. The first band gives an orange colouration with a retention factor, Rf = 0.46 (CHCl 3 /MeOH 10%) and the second one a violet colouration, Rf = 0.37 (CH 2 Cl 2 /9% MeOH). According to our previously work [14] , these two bands correspond to the 3-indolethanol and the Cyclo (L-Phe, L-Pro) diketopiperazine active molecules, respectively. Concerning the Streptomyces sp. TN 58 strain and its studied exconjugants, the five active molecules (M1 to M5) were present in all five crude extracts. M1 belongs to the acetyltryptamine family and gives a colouration orange and violet after anisaldehyde/sulphuric acid and Erhlich's reagent visualisation. The Rf of this molecule is 0.5 (CHCl 3 /5% MeOH). M2, Rf = 0.57 (CH 2 Cl 2 /1% MeOH), and M3, Rf = 0.47, (CHCl 3 /5% MeOH) belong to the thiazole and brevinamide families, respectively. M2 gives a chestnut colouration on spraying with anisaldehyde/sulphuric acid and M3 gives a pinkish colouration after Erhlich's reagent visualisation. The two other active molecules (M4 and M5) characterised from the Streptomyces sp. TN 58 strain, and belonging to the rhamnopyranosides family, do not have antimicrobial activities, but they possess inhibitory activity towards 3α-hydroxysteroid dehydrogenase (3α-HSD). Indeed, the rhamnosylated aromatic compounds were easily detected on TLC plates due to their striking yellow/greenish colouration after visualisation with anisaldehyde vapour. For all five analysed crude extracts, the wild type one (from the Streptomyces sp. TN 58 strain) and those from the four corresponding exconjugants, we obtained similar TLC migration profiles and two yellow/greenish bands having a retention factor (CHCl 3 /15% MeOH) of 0.22 and 0.33 corresponding to the two molecules belonging to the rhamnopyranoside family. For the five active molecules of the Streptomyces sp. TN 58 and its four studied exconjugants, TLC profiles, bands colouration, and retention factors of the different active compounds were in perfect concordance with the results of previously works [15] . These data clearly demonstrated that the morphological differentiation and active molecule production of all studied pSET152 integrated exconjugants were similar to those of wild type Streptomyces sp. US 24 and Streptomyces sp. TN 58 strains. Consequently, conjugal transfer using attP/B site integration can be concluded to be a suitable means of gene transfer and expression for both studied strains.
Heterologous Expression of xylA Gene in Streptomyces sp. TN 58
Strain. The establishment of a gene transfer system and the stable integration of cloned genes at the specific loci in the genome of Streptomyces sp. TN 58 prompted us to express some heterologous gene in this strain. Xylose isomerase (D-xylose ketol isomerase EC 5.3.1.5) catalyses the reversible isomerisation of D-xylose into D-xylulose. It is also referred to as glucose isomerase (GI) because of its ability to convert D-glucose to d-fructose. This property is widely exploited industrially for the production of high-fructose syrup from starch [36] . Thus, the enhancement of strain productivity is certainly of importance. So we expressed the xylA gene cloned from Streptomyces. sp SK [17] , and we attempted to examine whether this gene could express and fold effectively in strain TN 58. It should be noted that the wild type Streptomyces TN 58 strain cannot assimilate the xylose as solely carbon source. Heterologous xylA gene was inserted into pSET152 to yield pSS6 plasmid. Based on intergeneric conjugal transfer, transformation efficiency of strain TN 58 by plasmid pSS6 was achieved at high frequency (10 −4 exconjugants recipient −1 ). The chromosomal structure of three TN 58/xylA strains, arbitrary chosen, was checked by Southern Blot hybridisation using the 800 bp PstI DNA fragment internal to pSET152 as probe, which contain the oriT region. As expected, a unique and identical large BamHI band was obtained for the three TN 58/xylA strains chromosomal DNA, whereas wild type strain TN 58 chromosomal DNA does not hybridise to the probe (data not shown). One of the three recombinant strains studied was subcloned five times on a solid media in the absence of apramycin followed by cultivation for several generations in liquid media in the absence of selection pressure. The plating of this culture on solid media, on both with and without selective pressures, showed that 100% of the colonies were apramycin resistant and able to grow in the presence of xylose as solely carbon source.
Determination of the mycelial intracellular glucose isomerase activity of Streptomyces TN 58, Streptomyces TN 58/pSET152, Streptomyces sp. SK, CBS4, and TN 58/xylA strains shows that glucose isomerase activity of the TN 58/xylA recombinant strain is of about eighteenfold higher than that of the SK strain and comparable to that of CBS4 strain. No activity was detected for the wild type TN 58 strain and the recombinant strain TN 58/pSET152 ( Table 2) . Study of the growth of the two strains, Streptomyces TN 58/xylA and CBS4, in minimum liquid media containing xylose as solely carbon source showed that the two strains grew well, and for each time, the resulting biomass was quite similar. It should be noted that glucose isomerase activity is correlated with biomass production, and optimum activity has been obtained after 48 hours of incubation.
According to these results, we can deduce that sitespecific recombination directed by pSET152 makes it possible to stably insert heterologous DNA in strain TN 58. This should be very important for a number of cases such as genes expression, genetic complementation, and biosynthetic pathway manipulations of the active molecules of this strain especially those belonging to the rhamnopyranoside family.
